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EXPERIMENTAL STUDY ON JOURNAL BEARING CHARACTERISTICS
IN RECIPROCATING COMPRESSORS FOR HFC-134a
Masanori Kobayashi, Akira Hayashi, Takao Yoshimura
Compressor Research Office, Refrigeration Research Laboratory
Matsushita Refrigeration Company; Japan

ABSTRACT
This paper describes the experimental characteristics of cantilever type journal bearings in reciprocating
compressors for HFC-134a. The purpose of this study is to compare the effects of bearing material, chemically
treated shafts, bearing stiffness and refrigerant solubility in the oil to the characteristics of journal bearings
lubricated with a mixture ofHFC-134a and lubricating oil
As a result, when using a cast iron bearing, it is possible to improve the journal bearing characteristics by
using a manganous phosphate shaft and a bearing having lower stiffness. The aluminum bearing has better
bearing characteristics than the cast :iron bearing both in the fluid lubrication and the boundary lubrication
conditions. Alkylbenzene oil has better bearing characteristics than ester oil only in the boundary lubrication
condition.

lNTRODUCI'ION
With increasing concern about protecting the global environment, even after switching refrigerant from
CFC-12 to HFC-134a for refrigerator compressors, further improvement toward higher efficiency has been
fervently demanded In reciprocating refrigerator compressors, the rate of friction loss in the main bearing,
which is generally structured in a cantilever design, is particularly high within the mechanical. loss. But there
are few studies about bearing characteristics on cantilevere type bearings(ll, chemically treated shaft and
refrigerant solubility in refrigeration oil
This study evaluates the effect of a variety of factors mentioned above by measuring bearing characteristics
on a bearing test maclrine by using the bearings and shafts whlch are used in a reciprocating compressor for a
refrigerator.

:METHOD OF EXPERIMENTS
(I) Bearing Structure in a Reciprocating Compressor
The schematic view of a reciprocating compressor for a household refrigeraror is shown in Fig. 1. This
compressor has two journal bearings, one at the main bearing and the other at the connecting rod bearing. The
main journal bearing, wlrich has a cantilever structure and is located on the motor side, supports the entire
compression load which acts on the eccentric of the shaft. The refrigeration oil dissolved wlth refrigerant HFC134a is taken into the oil pipe located at the bottom of the shaft and is supplied to the eccentric of the shaft and
the main bearing.
(2) The Structure of the Bearing Test Maclrine
The schematic view of the bearing test machine used for this study is shovm in Fig. 2. In this test
machine, the shaft tD be tested is driven by a inverter motor and a dynamic load is applied by a hydraulic
vibrator. The shaft torque is measured by a torque converter: The dynamic load is applied once every rotation
in synchronized with the shaft rotation and the fluctuating load is measured by a load converter.
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The refrigeration oil with dissolved refrigerant, wlllch accumulates in the lower part of the pressure
vessel, is taken out via a oil pump and heated by a heater to a specified temperature. Then its flow rate and
viscosity are measured before supplying to each bearing. Temperature is measured at the oil inlet and outlet of
each bearing as well as the back of the bearings by thermo- couples.
(3) Method of Experiments
The arrangements and shapes of the bearings used for the experiment are shown in Table L The
arrangement and shape of the bearings were changed to meet the purpose of the test once, for tlris particular
experiment. The shaft material used was spheroidal graphite cast :iron (ISO 1083-87, 500-7) in all tests. In
order to study the effect of surface treatment, manganous phosphate treatment was applied to the shaft
surface. Two kinds of bearing materials, gray cast :iron (ISO 185-88, 200) and aluminum alloy for die castings,
were used In the experiment for evaluating the effect of different refrigeration oil to the bearing characteristics,
a straddle bearing (D) was used to obtain stable bearing characteristics, and in addition to ester oil (VG22)
which has high refrigerant solubility and often used in other experiments in this study, alkylbenzene oil (VG8)
which has low refrigerant solubility was also used In order to understand the characteristics of refrigerant
solubility in all experiments, the amount of dissolved refrigerant in the refrigeration oil was varied by changing
the refrigerant pressure from 0.05 to 0.4 :MPa. The supplied refrigeration oil temperature was varied from 40
to 80°C. The resulting oil viscosity when supplied to the bearing was 1.9 to 11.4 mPa • s for ester oil, and 0.8 to
4.4 mPa • s for alkylbenzene oil.
Measurements were made by changing the shaft rotation speed at 2400 :tpm and 3500 rpm, and applying
a sinusoidal dynamic load with a maximum load ranging between 200 and 1180 N. The supplied oil volume to
3
the tested bearing was 5 to 50 cm .
(4) Calculating Method of Bearing Characteristics

In order to obtain the friction coefficient at both edges of the cantilever bearing and that of the load
bearing by using the torque measured in the experiment, the load applied to each bearing is calculated first by
using the distance between the centers of each bearing and the leverage principle. Then, the Sommerfeld
number expressed in formula (1) is calculated fur each bearing.

(1)

S= ryNDL/(¢2F}

In above formula, TJ is viscosity of refrigeration oil dissolved with refrigerant, N is shaft rotational speed,
D is bearing diameter, L is bearing length, ¢is clearance ratio (ratio between radial clearance and bearing
radius) and F is load
Based on the Sonunerfeld numbers above, and by using the result of theoretical calculations based on
Reynolds' equation <2 l, three friction coefficients were temporarily obtained From these friction coefficients and
load data, the torque on each bearing was calculated and the measured torque was then proportionally divided
by the ratio of the calculated torque. Finally the friction coefficient of each bearing, J1. , was calculated The
relationship between friction coefficient and torque may be calculated by formula (2).
Jl =T I (rF)

(2)

In the above, T and F are torque and load force on each bearing, and r is bearing radius.

RESUL'IS AND DISCUSSIONS
(1) Comparison Result afBearing Stiffness
This study has an emphasis on the e:xantination of cantilever bearings as a bearing arrangement, in
which bearing stiffness is considered to largely affect the bearing characteristics.
First, for each of the bearing type shown in A to C of Table 1, bearing stiffness was examined when each of
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the tested material was used for the bearing material The examination was made from both experiment and
theory As for the experiment, the amount of deformation at the tip of the bearing was measured by a dial
gauge when a static load of 300 N was applied at an equivalent position of the eccentric of the shaft. As for the
theoretical calculation, a deformation analysis of the entire bearing was made by utilizing a finite element
method The result is shown in Thble 2.
By comparing cast iron bearings, the bearing :in type (B) has a smaller deformation and higher stiffness
than the bearing in type (A). Therefore, the test for exam:in.:ing the effect of bearing stiffness to the bearing
characteristics may be performed comparing the bearing characteristics of type (A) and (B) of the same cast
iron material By comparing with the aluminum bearing in type (C), the cast iron bearing in type (B) shows
almost the same amount of deformation at the tip of the bearing, and the cast iron bearing in type (A) shows a
larger deformation. By comparing the bearing characteristics of these bearings, the difference :in bearing
characteristics by the difference of material may be recognized without the influence ofbearing stiffness.
(2) Effect ofBearing Stiffness to Bearing Characteristics

The examination result of bearing characteristics of the same cast iron bearings but with different
bearing stiffness :in type (A) and (B) is shown :in F:ig. 3 and 4. The shaft surfaces are treated with manganous
phosphate. The horizontal axis of the chart is the Sommerleld number (S), and the vertical axis the ratio of
coefficient offricti.on(.u) and clearance ratio ( </J ). By oomparing Figs. 3 and 4, the bearing type (B) in Fig. 4 with
higher bearing stiffness shows a higher coefficient of friction both in fluid and boundary lubrication conditions
along with a larger variation, while the bearing :in type (A) with lower stiffness shows better bearing
characteristics. The reason for this is that the bearing type (A) with lower bearing stiffness receives a larger
deformation as shown :in Table 2, and the surface pressure is lowered by increasing the actual sliding surface of
the bearing. The effect is particularly sign:ificant in the boundary lubrication zone in which lubrication
condition is critical Thus, it is suggested that the design with a full consideration of stiffness is required for
cast iron bearings.
(3) Effect of Shaft Treatment to Bearing Characteristics
By using the bearing type (A) and cast iron for the bearing material, the result with manganous
phosphate treatment on the shaft is shown in Fig. 3, while the bearing characteristics without manganous
phosphate treatment on the shaft is shown in Fig. 5. The coefficient of friction characteristics with the
manganous phosphate treatment start shifting to the boundary lubrication condition by deviating from the
theoretical curve at approx:imately 0.1 of the Sommerfeld number. On the other hand, that with the nontreated shaft start shifting at approcimately 0.2 in a Sommerfeld number. In a critical boundary lubrication
zone with a Sommerfeld number of 0.1 or smaller, a shaft with manganous phosphate treatment shows a lower
coefficient of friction than a shaft without treatment When using a cantilever type bearing, a metal-to-metal
contact at both edges of the bearing is unavoidable with a load applied, but the coefficient of friction of a solid
contact :in a combination of cast iron and manganous phosphate layer is smaller than that of a solid contact
between the same iron materials. From these results, the effectiveness of manganous phosphate treatment on
the improvement ofbearing characteristics is quantitatively verified.
(4) Effect ofBearing Materials to Bearing Characteristics
The bearing characteristics of an aluminum bearing in type (C) is shown in F:ig. 6 and are compared with
those of cast iron bearings shown in Figs. 3 and 4. With an aluminum bearing, its characteristics start to
deviate from the theoretical curve at approx:imately 0.1 of the Sommerfeld numbe:r: The variation in
characteristics observed :in the experiment is smaller than the variation with cast iron bear:ings having ahnost
comparable stiffness (Fig. 4) and hav:ing lower stiffness (Fig.3) compar:ing to that of aluminum bearings, and
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the roe:ffi.cient of friction shows a lower and more stable value up to approximately 0.02 of the Sommerfeld
number. Therefore in comparison with cast iron bearings with improved bearing characteristics by using
manganous phosphate treated shafts and low stiffness bearings, aluminum bearings have a broader
application range in the fluid lubrication zone. And the coe:fficient of friction of alminum bearing is also lower
and more stable in the boundary lubrication zone than that of cast iron bearing, indicating alminum is a
relatively good material The reason for this is that the coefficient of friction during a solid contact between cast
iron and aluminum in a cantilever type bearing is assumed lower than that between cast iron materials even
with a manganous phosphate treatment.
(5) Effect ofRefrigerant Solubility in the Oil to Bearing Characteristics

The result of a combination ofHFC-134a and ester oil that is generally used for household refrigerator is
shown in Fig. 7. Also the result of a combination of HFC-134a refrigerant and alkylbenzene oil that is lower :in
refrigerant solubility compared to the combination of HFC-134a and ester oil is shown in Fig. 8. The bearing
arrangement used in these experiments was (D) and the bearing material was cast iron with no surface
treatment on the shaft. By observing Figs. 7 and 8, the measured values of coefficient offriction were almost in
line with the theoretical curve up to approximately 0.07 of the Sommerfeld number for both combinations of
refrigerant and refrigeration oil In the range of a Sommerfeld number of 0.07 or lower, it deviates from a curve
of the fluid lubrication theory and begins to shift to the boundary lubrication condition. Further, under
approximately 0.04 of the Sommerfeld number, the coefficient of friction of the combination of HFC-134a
refrigerant and ester oil becomes unstable and shows an rapid increase (arrow in Fig. 7). And, although not
shown, the bearing temperature rapidly increases by more than 15K at the same time as the increase of the
coefficient of friction. On the other hand, the combination of HFC-134a and alky1benzene indicates an
increasing trend in the friction coefficient but with a stable increase up to 0.02 of the Sommerfeld number with
no abnormal increase in the bearing temperature.
Based on the observations above, alkylbenzene oil with lower refrigerant solubility is now known to
provide better characteristics in the boundary lubrication zone under 0.04 of the Sommerfeld number. The
reason for this may be attributed to the fact that the refrigeration oil with higher solubility tends to lose
refrigerant by vaporization in a critical boundary lubrication condition and to cause oil £ihn breakages.
CONCLUSION
Because solid contact between the shaft and bearing is unavoidable in a cantilever type bearing, which is
often used for a reciprocating compressor, selection of material with a low friction coe:ffi.cient and the smface
treatment is required for solid contact Therefore, the use of alwninum for the bearing material or combining a
cast iron bearing with a shaft treated with manganous phosphate are effective for improving the bearing
characteristics. When using the same material or surface treatment, reducing the bearing stiffness is also
effective. Although refrigeration oil does not make a difference in the bearing characteristics in the fluid
lubrication zone, refrigeration oil with lower refrigerant solubility provides better characteristics in the
boundary lubrication zone. Thus, a careful selection of refrigeration oil to meet the operating condition of the
bearing is required
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Table 2 Deformation of bearing tip
Type of bearing
Material

A
Gray cast iron

(ISO 185-88. 200)
Deformation of
bearing tip [J.L m]

8

-

c
Aluminium alloy
for die castings

Experiment

3.7
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1.7
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3.7
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Fig.4 Coefficient of friction
(Gray cast iron, Type B, manganous
phosphate treated shaft)

Fig.3 Coefficient of friction
(Gray cast iron, Type A, manganous
phosphate treated shaft)
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Fig.6 Coefficient of friction
(Aluminium alloy for die casting, Type C,
non-manganous phosphate treated shaft)

Fig.5 Coefficient of friction
(Gray cast iron, Type A, non-manganous
phosphate treated shaft)
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Fig. 7 Coefficient of friction
(Ester oil, Gray cast iron, TypeD,
non-manganous phosphate treated shaft)

(Alkyl benzene oil, Gray cast iron, Type D,

non-manganous phosphate treated shaft)
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